Abstract. Lowland rice in Lao PDR is predominantly grown under drought-prone, rainfed conditions in the wet season. We utilised a farmer participatory variety selection (PVS) approach in combination with multi-location yield trials (MLTs) conducted in high-and low-toposequence positions to test advanced breeding lines with the aim of improving the efficiency of the rice-breeding program and encouraging rapid adoption of improved lines.
Introduction
Rice is the staple food of Laos, with 70-80% of production occurring in the rainfed lowlands and grown under paddy conditions in the wet season. Some of the major problems facing lowland rice farmers include: low and fluctuating rice yields in the wet season because of a variable rainfall distribution and periodic droughts, and high labour cost and/or labour shortage for transplanting (Fukai and Ouk 2012) . Linquist and Sengxua (2001) reported an average wet-season rice yield of 2.0 t/ha without fertiliser across southern and central Laos. More recently, Xangsayasane et al. (2014a) reported high variation in grain yield, from 1.5 to 3.7 t/ha, in which unfavourable environments (lower fertility, lower water availability) were regularly the high-toposequence positions, with in a yield reduction of 9-53%.
Improving the productivity and profitability of lowland farmers is a major objective for the Lao government, and this can be achieved by managing the rice crop more effectively under the variable rainfed conditions through use of more drought-resilient varieties and varieties adapted to unfavourable environments, combined with use of appropriate inputs for the wet-season crop. The research activities reported here were conducted in three of the major, lowland rice-growing areas in Laos: the Vientiane Plain (Vientiane Province and Vientiane Capital), and the provinces of Savannakhet and Champasak. These areas are also representative of the major rainfed, lowland rice ecosystems found in the Mekong River Valley. The major constraints for farmers in the lowland rice environments in the main rice-growing areas in the Mekong River Valley are drought, flood, low soil fertility and permeable soils (Bell and Seng 2004; Fukai and Ouk 2012) , with constraints exacerbated in high-toposequence positions (Tsubo et al. 2005 Fukai and Ouk 2012; Inthavong et al. 2012; Xangsayasane et al. 2014a ). Linquist and Sengxua (2001) indicated that 80% of the soils in south and central Laos contained <2% organic matter, 68% are coarse-textured (sands, loamy sands and sandy loams), and 87% have a pH(H 2 O) <5.5. Inthavong et al. (2011) noted that many paddy fields were on gentle sloping land (toposequence) in the rainfed lowlands of Laos. Xangsayasane et al. (2014a) reported that the high positions had lower soil fertility, as measured by soil organic matter content, pH, total nitrogen (N) and available phosphorus (P) and potassium (K), and slightly lower water availability than the low positions. Haefele et al. (2010) also reported that middle-upper fields tended to be poorer and coarser textured soils than lower fields; however, they concluded that variability of soils within each toposequence was high, and thus lower fields were not always of higher fertility. Others (e.g. Tsubo et al. 2007a Tsubo et al. , 2007b Inthavong et al. 2011 Inthavong et al. , 2012 have noted the earlier disappearance of standing water in the high-toposequence positions and have classified high positions as drought-prone environments that generally produce low-yielding crops. Although Haefele et al. (2010) reported that there was no clear relation between field positions in the toposequence, field hydrology and rice yield, their average wet-season grain yield (without fertiliser across locations and years) was 2.31 t/ha in lower fields (six fields) and 1.68 t/ha in middle-upper fields (five fields). Thus, although highly variable, there was a tendency for higher yields to be achieved in lower field positions. Fukai and Ouk (2012) concluded that the upper toposequence position is not only prone to water stress but is lower in potential yield, even under well-watered conditions.
In this paper, we examine the response of a set of advanced lines across toposequence positions in relation to grain yield and farmers' preferences, to explore the value of including high-toposequence positions into the MLT site selections. The Lao rice-variety improvement program aims to develop more drought-resilient breeding populations as the basis for improving yields and reducing risk. These populations are being advanced by the national rice-breeding program through a collaborative effort involving several projects (Australian Centre for International Agricultural Research (ACIAR), Rockefeller Foundation, International Rice Research InstituteConsortium for Unfavorable Rice Environments (IRRI-CURE)). It is hypothesised that the gains from selection and the likely uptake by farmers will be enhanced if farmers are involved in the evaluation of these advanced lines under local conditions, which is not the case in the current breeding program. Mackill et al. (2012) noted that despite the increase in availability of new stress-tolerant varieties, accessibility for farmers remains a major constraint for adoption. One way to overcome this is through use of participatory variety selection (PVS) where farmers test advanced breeding lines. The PVS method also provides an opportunity for relatively wide dissemination of advanced breeding lines to farmers before their release (Morris and Bellon 2004) . In Laos, where there are many smallholder farmers, accessibility and distribution of new varieties can be a major issue because of lack of resources in the extension and seed-distribution system. As noted by Courtois et al. (2001) , involving farmers in the evaluation process ensures acceptability of a variety in terms of yield, agronomic and quality traits. Thus, the participatory approach was used to provide opportunity for farmers to select among a collection of already improved genotypes (promising lines) that had been developed by researchers according to the researchers' selection criteria (e.g. maturity, disease resistance, and yield) with the aim of encouraging adoption while improving the efficiency of the breeding program by ensuring that limited resources are spent on the delivery of new material that is likely to be adopted by farmers. Atlin et al. (2002) and Snapp (2002) , among others in a book ('Quantitative analysis of data from participatory methods in plant breeding') dedicated to quantifying data obtained from participatory methods, have described in detail aspects of the 'mother-baby design' used in PVS. Briefly, the method consists of researchermanaged mother trials and farmer-managed baby trials. Farmers are invited to select two or three advanced lines based on visual assessment from researcher-managed trials, and grow them in unreplicated 'baby trials' under their own management practices alongside their currently grown variety (Paris et al. 2008; Manzanilla et al. 2011) .
In the PVS approach we have used in Laos, we conducted multi-location trials (MLTs) on-farm, designed by researchers but farmer-managed mother trials in both high-and lowtoposequence positions in each village, and invited farmers to identify their most and least preferred lines on one replication in each trial. Xangsayasane et al. (2014a) utilised this approach but concluded that toposequence position could not be used as a screening site for selection of genotypes adapted to unfavourable conditions. However, they conducted experiments at only four pairs of high and low toposequence positions, and identified a few issues with site selection, concluding that four pairs of sites may be too few. Thus, in this paper we evaluate 11 pairs of highand low-toposequence positions.
Following analysis of preferences and yield data from MLTs, baby trials were conducted by interested farmers in the following year using only three main preferred varieties for each village (rather than each individual farmer's preference), and grain yield was quantified across farms. In the third year of a cycle, four lines (the most preferred, high-yielding line from each province and a standard) were tested across the country in advanced testing trials. Thus, the inclusion of PVS within MLTs at high-and low-toposequence positions for improving rainfed lowland rice in Lao was assessed, and the hypotheses tested were: (i) testing in upper toposequence positions would identify lines suitable for unfavourable conditions; (ii) famer agronomic preference was associated with high grain yield; and (iii) inclusion of farmer preference in MLTs would improve breeding-program efficiency with rapid adoption of improved lines.
Materials and methods

Participatory variety selection of advanced promising lines
The on-farm, farmer participatory approach was used over four wet seasons from 2008 to 2011 to select high-yielding rice from among currently available improved breeding lines in the Lao rice-variety improvement program. A combination of mother and baby trials was utilised. A series of multi-location (mother) trials was conducted each year at two toposequence (high and low) positions in each of three provinces (Champasak (CPK), Savannakhet (SVK) and Vientiane (VTN)) in Laos. Thus, there were six experiments, each having a randomised block design with 20-24 lines and three replications, except in 2008 trials, which were conducted in only two provinces with two replications. Thus, there were 22 trials (environments). Generally, the high position was within 500 m of the low toposequence position within a village, and where possible, they were on the same farmer's field.
Within a year, lines were mostly the same across the different locations, but lines were changed across years, removing the less preferred and low-yielding varieties and adding new, promising lines each year. Some lines were tested in all trials, but most lines were tested only in a limited number. Only the 27 lines tested in 10 or more trials are presented in this paper.
Because not all lines were tested in all trials, yield expressed in absolute values may bias the results depending on which lines were used in different trials. Thus, the performance of each line in each year-toposequence-province was also expressed relative to the performance of the standard improved Lao line TDK1, used widely across the country and used in all our trials.
Hill spacing was 20 cm by 20 cm, and transplanting was conducted to produce three seedlings per hill. Plot size was 2 m by 5 m. Basal fertiliser (N + P 2 O 5 + K 2 O)was applied at a rate of 30 + 30 + 30 kg/ha, and urea at a rate of 36 kg/ha was applied as topdressing at 30 and 45 days after transplanting. Harvest area was 1.6 m by 4.6 m. Data were collected on time of sowing, transplanting date, flowering date, plant height, plants per hill, and grain yield.
Soil samples were taken in 2010 in neighbouring trials conducted by Xangsayasane et al. (2014a) and indicated low soil fertility at all sites (Table 1) , with a tendency for fertility to be slightly higher in low-toposequence positions.
Two weeks before maturity harvest for each toposequence position, 20 farmers from the village visited a mother trial, where they were invited to select and choose their three preferred and three non-preferred lines based on plant type. The data were collated and lines were ranked from most preferred to least preferred for each toposequence position, and preference analysis was conducted following Paris et al. (2011) , where preference score = (number of positive votes -number of negative votes)/total votes cast. From this information and grain yield data from MLTs, the three most preferred, highyielding lines on a village basis were selected for use in baby trials. The use of three common lines within a village provided reliable assessment of line performance across farms within a specific region, which differs from the standard PVS system in which each individual farmer chooses their most preferred line. The latter was achieved informally-concurrently, because generally farmers would also 'pick up' their preferred line from the mother trial.
There were 464 farmers involved in PVS mother trial activities for the four seasons (2008-11) in three provinces (Table 1 ). Each year the mother trial would be conducted in a new village to maximise the number of farmers exposed to potential new varieties. In the 2009-11 wet seasons, a further 242 farmers across the three provinces were involved in baby trials. Seed (200 g each) of three varieties selected as the most preferred (on a village basis) was given to the farmers who participated in the PVS of the mother trial in the previous year. They raised seedlings and transplanted in a paddy with their own management, and then harvested the whole area occupied by each genotype for determination of yield.
In the 2010 and 2011 wet seasons in three provinces, a further 82 farmers participated in advanced-variety yield trials. The arrangement for this was the same as for the baby trials, except that the farmers selected had not participated in the previous PVS mother or baby trials. Thus, the PVS-MLT approach was conducted over a threeseason cycle: in the first year, 20-24 lines were grown in a multi-location, mother trial on which PVS was conducted; the following year, farmers grew their three most preferred, highyielding lines (selected on a village basis) in baby trials; in the third year, advanced yield-testing trials were conducted by farmers across the country who had not been involved in the previous MLT-PVS mother and baby trials. The entries for the advanced yield-testing trials (four lines) included a standard line and the most preferred, highest yielding line from each province (three lines) based on results of MLTs over at least 2 years, baby trials, and farmer preference in agronomic characters. Overall, between 2008 and 2011, the number of farmers directly involved in PVS activities totalled 788 across the three provinces. 
Statistical analyses
Statistical analyses using GENSTAT version14 (VSN International, Hemel Hempstead, UK) was conducted for all individual environments, within provinces, within years and across all environments. Within and across environments, line performance was also expressed relative to the performance of TDK1.
Results
Rainfall
The wet season in Laos generally begins around weeks 15-20 (mid-April-May), with peak rainfall occurring in weeks 30-35 (Aug.-Sept.), and the end of the wet season usually around weeks 40-45 (early Oct.-Nov.; Fig. 1b, d, f) . In general, CPK is considered a more favourable, higher yielding environment, whereas the SVK high-toposequence position is generally least favourable.
Annual rainfall was less than the median for 2010 in VTN (1023 v. 1390 mm) and CPK (1464 v. 2161 mm) but slightly higher in SVK (1726 v. 1554 mm).Weekly rainfall data ( Fig. 1 ) indicated that in VTN in 2010, the end of the wet season finished 4 weeks earlier (week 39) than the median, whereas in CPK and SVK, the end of wet season occurred in week 42 (2 weeks and 1 week earlier than the median, respectively).
Grain yield from multi-location mother trials
Analysis of variance was conducted within years across toposequence positions across provinces to examine the grainyield performance of 20-24 lines (Table 2) . A significant line difference existed in 10 of the 22 environments (45.5%). Although a significant toposequence position effect existed in eight of 11 (72.7%) environment pairs, a line Â toposequence position interaction effect was significant in four of 11 (36.4%) environment pairs.
Differences for lines, toposequence positions and their interactions were largely significant in 2010, and consequently these results are described in more detail (Table 3) . Grain yield ranged from a low of 1.20 t/ha in VTN high-toposequence position to a high of 3.56 t/ha in SVK low-toposequence position. In 2010, averaged across provinces, the reduction in grain yield due to high-toposequence position (2.29 t/ha) was 26% of that achieved in low-toposequence positions (3.09 t/ha). However, this was somewhat inflated by the large reduction observed in VTN (52% reduction), compared with a 15.6% and 16.9% reduction observed in CPK and SVK. On average, the coefficient of variation of line performance was greater in the high position (37.9%) than in the low position (26.2%).
Averaged across all provinces and toposequence positions in 2010, line VTE450-1, a non-waxy variety, produced the highest grain yield of 3.12 t/ha, but this was not significantly different from four other lines, including VTE450-2 (waxy), TDK10021-B-B-12-B (waxy), TDK1 (Lao standard improved waxy variety) and TDK10049 (non-waxy). The lowest yielding line (2.36 t/ha) was a traditional line, Homchampa. However, as can be seen by the significant interaction effects in SVK and VTN, line performance altered across toposequence positions. For example, Homchampa performed relatively poorly (ranked 15th) in the low position but was fourth highest yielding in the high-toposequence position in SVK. Similarly, TSN3 ranked 22nd in low-toposequence position but 11th in high-toposequence position.
A significant relationship existed between grain yield achieved in high-and low-toposequence positions in CPK ( Fig. 2a ; r = 0.61**, n = 23) and in SVK ( Fig. 2b ; r = 0.38*, n = 23) but not in VTN ( Fig. 2c ; r = 0.17n.s., n = 23), where no significant variation was found in the high position. When averaged across provinces, a significant relationship (r = 0.50*, n = 23) between mean grain yield in high and low position existed (Fig. 2d) . However, although some lines perform similarly across positions (e.g. line VTE450-1 achieved the highest grain yield in both positions), others did not, the latter reflecting the significant line Â toposequence interaction effect (Table 3) .
Line performance relative to standard variety TDK1
Line performance was ranked relative to TDK1 (Table 4 ). In terms of relative performance, TDK1 ranked 11th across all environments, with relative performance of lines ranging from 88 to 107% of TDK1. In each environment, a minimum of four and up to as many as 19 lines produced a higher yield than TDK1, with one (HTDK1) producing as much as 34% higher yield in the high position in SVK. On average, both VTE450-1 and TDK10021-B-B-12-B produced 7% higher grain yield than TDK1 (Table 4 ). The performance of these lines was particularly good in SVK, reaching 16-19% and 20-21% higher grain yield at low-and high-toposequence positions, respectively. The relative performance of TDK10049 was also good, being fifth highest with an average 4% higher grain yield, while its grain yield was 14% higher than TDK1 in the SVK high-toposequence position.
Averaged across all trials, TDK1 flowered 114 days after sowing (DAS); by contrast, TDK10049 flowered at 104 DAS, with TDK10160-B-B-101-15 the quickest to reach flowering, at 101 DAS (Table 4) . Although most of the advanced lines matured 5-10 days earlier than the standard variety TDK1, differences in maturity could not account for the 7% yield advantage of the two highest performing lines (VTE450-1 and TDK10021-B-B-12-B), which also flowered at 112 and 114 DAS.
Farmer preference
The most preferred line based on farmer ranking of 27 lines grown in more than 10 environments across years (2008-11) was TDK10025-B-14-B, followed by VTE450-2 and VTE450-1, with TDK1 ranked 19th. When only 2010 results were examined (where significant grain yield differences were observed in five of six environments), VTE450-2 was the most preferred line and TDK10021-B-B-12-B was the least preferred (ranked 23rd), with TDK1 ranking only 20th (Table 5) .
There was a significant relationship between farmer preference scores in high and low positions in CPK and SVK ( Fig. 3a, b; both r = 0.55*, n = 23); however, this was not the case in VTN, where grain yield was very low and non-significant in high position (Fig. 3c) . A relationship of average preference scores across provinces for high and low positions also existed ( Fig. 3d ; r = 0.42*, n = 23), and high yielding line VTE450-2 (no. 2 in Table 3 ) and another line TDK10025-B-14-3-B (no. 14) were most preferred in low position (preference score 0.053 and 0.061, respectively), with VTE450-2 also preferred (0.039) in high position. However, neither of these lines was most preferred in SVK.
A significant, positive relationship (r = 0.34*, n = 23) between farmer preference score and grain yield existed only in VTN low toposequence (Fig. 4a) . In other environments and averaged across toposequence and province, no significant relationship existed (Fig. 4b) . The highest yielding line averaged across 2010 was VTE450-1 (3.12 t/ha), and it was among the most preferred (ranked sixth); similarly, VTE450-2 was among the highest yielding lines and was the most preferred (ranked first). However, TDK21-B-B-12-B (2.90 t/ha) also achieved a high grain yield but was the least preferred line (ranked 23rd). TDK1 was among the high-yielding lines but was among the least preferred lines (ranked 20th).
There was no significant negative relationship between preference score and days to flowering, except in low position in SVK, where there was a wide range in days to flower (r = 0.62**, n = 23), with farmers tending to prefer earlier maturing lines (Fig. 5) .
Baby trials
Lines farmers selected to grow in baby trials performed well on their own farms. For example, highly significant genotype differences existed in farmer paddies in VTN province in upper toposequence in the 2009 wet season. TDK10049 (3.1 t/ha), a non-glutinous line identified as high yielding in mother trials, produced consistently higher grain yield than TDK11 (2.8 t/ha) across farms (Fig. 6 ).
Advanced line testing
There was no significant difference in grain yield among the four advanced lines tested in on-farm trials; for example, in 2010 wet season results ranged from 2.38 to 2.44 t/ha in CPK, from 2.4 to 2.59 t/ha in SVK and from 2.64 to 3.15 in VTN.
Discussion
Line performance in high-and low-toposequence positions
The yield results indicated that some lines were more suited to high-toposequence position, for example, TDK21-B-B-12-B, which averaged across all provinces and years produced 13% higher yield than TDK1, whereas it had no grain yield advantage in the low-toposequence position. Thus, the PVS approach of incorporating the use of two toposequence positions identified lines that were suitable for high-yielding environments as well as those for drought-prone or unfavourable environments. Farmers in the lowland rice environment in the main ricegrowing areas of Laos in the Mekong River Valley regard drought as their most serious constraint; this is further aggravated by low soil fertility and permeable soils in the main lowland, rice-growing areas (Jongdee et al. 2006; Ouk et al. 2006; Fukai and Ouk 2012; Xangsayasane et al. 2014b) .
In the present results, toposequence effect was significant in 72.7% of environment pairs examined, with a line Â toposequence interaction effect occurring 36.4% of the time, and thus, there is the scope for identification of lines with specific adaptation by using a high on-farm toposequence position in the MLT evaluation process. Xangsayasane et al. (2014a) found no significant interaction for grain yield between toposequence position and genotypes and concluded that toposequence position could not be used for screening for selection of genotypes adapted to unfavourable conditions; however, those authors examined only 25 genotypes grown at four pairs of high-and low-toposequence positions. The importance of site selection of low and high positions in the MLT evaluation process cannot be overemphasised. 0.11** P Â T 0.15** P Â L 0.52** P Â T Â L 0.73**
As noted by Xangsayasane et al. (2014a) , one pair of high-and low-position sites were too close (20 m apart), with line performance similar, whereas a high-position site was close to a dwelling and was influenced by additional inputs. Ideally, the high and low positions belong to either end of one toposequence (with <3 m difference in elevation), with sufficient distance between them and away from human influence so that the high position does not get any additional inputs, while the bottom is not flooded or suffering from stagnant water. Line variation in wet seasons in Laos has previously been reported to be relatively low (Sipaseuth et al. 2009 ), and thus improvements in variety selection can be slow, particularly when sites are highly variable, a common problem in the rainfed lowlands.
Farmers recognise that variation in the position of paddies in sloping land at the farm level provides variation in microenvironments, including soil types, local drainage, water availability in the root-zone, hard pans and watertables (as described by Xangsayasane et al. 2014a) , and thus, preferred variety will vary within farms and from farm to farm. Varieties that are adapted to specific conditions have the potential to increase productivity in specific environments. The PVS-MLT approach has provided farmers with options to evaluate among sets of 20+ high-yielding advanced lines, and this has the potential to improve food security at the farm and village level.
Farmer preferred lines are not necessarily the highest yielding
Our results indicate that farmer preference was not consistent across provinces although it was, to some extent, within province across toposequence positions, with several lines most or least preferred in both positions in CPK and SVK, but this was not the case in VTN, with the high position being very low-yielding. Farmers preferred different lines for use in upper and lower rice fields on sloped land (toposequence), particularly when high-toposequence positions were unfavourable. These differences in genotype performance between the high and low positions may be the reason for farmers' differential preferences. Our results are supported by Paris et al. (2011) , who noted that traditional variety-release systems emphasise grain yield, whereas farmers consider other traits when selecting rice varieties, particularly where rice is grown for home consumption. Furthermore, farmers' needs and criteria for selection often do not match the characteristics of highyielding varieties, particularly in variable environments such as the rainfed lowlands and/or where farmers have several contrasting needs within a farm depending on variability in toposequence or soil.
Although the participating farmers commonly reported a high yield as a reason for their selection of lines, the lines farmers preferred were not necessarily high-yielding. For example, some high-yielding lines were rejected if farmers felt they were too short, for fear of submergence of plants particularly if their paddy was in low toposequence. Farmers may also prefer varieties that they believed would be highyielding on their farms based on observation of plant type in the MLT but not necessarily based on their belief of yield within the MLT site. Visual selection of high-yielding lines is not easy, particularly if lines differ in their maturity time by as much as 20 days, and if the farmer's visit to the field takes place early in the grain-filling of some lines. There was a tendency for farmers to prefer earlier maturing lines in SVK but not in other environments; it is likely that this may have occurred because of earlier timing of the field day for assessment of preferred varieties. This highlights the importance of using lines of similar maturity within an MLT or grouping lines according to maturity type when asking farmers for their preference, and also ensuring appropriate timing of the field days for assessment of agronomic preferences (i.e. not too early after flowering).
Results of farmer participatory rice-variety selection have shown that newly developed varieties such as VTE450-2 and VTE450-1 are among the farmers' favourites, and these results supersede rankings of some varieties that have been standard and widely grown in Laos in the past (such as TDK1 and TSN3, both ranked 20th). The lines selected by farmers (based on plant type) appear to have good panicle characteristics, e.g. long panicles, large grain size, whereas TDK10021-B-B-12-B, a line derived from a cross with well-adapted IR57514-PMI-5-B-1-2 (Inthapanya et al. 2000; Kamoshita et al. 2008; Xangsayasane et al. 2009 ), achieved high grain yield in high-toposequence position but was among the least preferred in many environments and overall ranked lowest.
Anecdotal reports from discussions with farmers indicated that their dislike was based on its rather small grain size.
Benefits of the PVS-MLT approach
Use of the PVS approach with 22 multi-location mother trials conducted in farmers' fields and managed by farmers to evaluate advanced lines has resulted in the identification of promising lines with up to 7% grain yield advantage above the widely used, standard improved variety TDK1. While advantages relative to TDK1 were as high as 34% in particular environments (e.g. SVK high position), averaged across all environments, line variation was relatively small, with 17 lines achieving grain yield within 5% of TDK1. Farmers in the rainfed lowlands rely heavily on improved varieties (as a technology) to meet their household rice needs. The results of our extensive, on-farm testing across years, toposequence positions and provinces of 20+ advanced lines in the mother trials has provided confidence that, among these advanced lines, farmers have options to choose their most preferred varieties that would best suit their farm and/or target production. Furthermore, these results provide evidence that the Table 4 . Number of trials in which lines were tested, and grain yield performance of 27 lines relative to TDK1 averaged across years (2008-11) for each province and toposequence position (L, low; H, high), for toposequence position across all years and provinces, and relative performance and ranking across all DTF, Days to flowering, averaged across environments is also indicated. Line order is displayed from highest to lowest based on relative performance across environments, and numbers preceding line identity are for those lines used in 2010 and common to Lao rice-improvement program has successfully identified higher yielding lines suitable for the rainfed lowlands. We have no yield data of varieties previously grown by the farmers growing baby and advanced trials; however, many farmers retained seed from the mother or baby trials and grew it in the following wet season. We interpret this as a good indication of the grain yield and/or high quality performance relative to their previously grown varieties. Furthermore, the The order of lines is same as in Table 3 and the numbers preceding line identity are common to High position -preference score grain yields of the four advanced lines tested in the advanced-line testing, on-farm trials were similar, and farmers were happy with their performance relative to the performance of their commonly grown variety in neighbouring fields. VTE450-2 and TDK10049 (TDK13) were popular in most environments tested, and are currently in the process of being released as varieties resulting from MLTs and the PVS approach. An effective seed supply and delivery system is important to provide an adequate amount of high-quality seeds of popular and new varieties at affordable prices and at the time when needed. PVS utilising MLTs on famers' fields is a simple way for breeders and agronomists to learn which varieties perform well on-farm and which are preferred by farmers. Combined, this is an effective strategy for accelerating the dissemination of promising, improved varieties before their release.
The fact that farmer preference does not always associate well with yield performance highlights the importance and economic value of incorporating the PVS-MLT into the ricebreeding program. If the breeders based their selections purely on grain yield, as in many MLTs, high-yielding lines may be produced that are not likely to be acceptable to the famers; for example, TDK10021-B-B-12-B, which was relatively highyielding, was found to be the least agronomically preferred line. With limited resources available, incorporating the PVS-MLT approach across toposequence positions into the breeding program ensures that resources are expended on developing products that will be acceptable and directly transferrable to the farmers. In this way, less preferred lines such as TDK10021-B-B-12-B are rejected, and only lines that are identified as acceptable to farmers in the PVS-MLT approach are progressed further to the seed-multiplication system for wider evaluation in on-farm yield trials across the country. In Laos, where farmers grow rice predominantly for household consumption, it is critical that agronomic and quality traits are acceptable to farmers to ensure adoption of new lines. These may not be quite so critical when rice is grown for urban consumers or export market.
Conclusion
The use of the PVS-MLT approach conducted across high-and low-toposequence positions has enabled identification of lines with greater drought resilience and other desirable traits for unfavourable environments (from high field positions) combined with high yield potential (from low field positions) that were immediately well accepted by farmers. It is concluded that high-toposequence positions can be used to identify lines more suitable to unfavourable environments. The fact that farmers were consistent in their preferences across toposequence (in some provinces), but this was not always well related to grain yield, emphasises the value of using the PVS-MLT approach as a selection tool to ensure the advancement of only those lines that are well accepted by farmers, particularly when grain-yield differences can be a challenge to find under wet-season trials. Advanced lines that produced high grain yield (5-20% higher than standard TDK1) were identified using the PVS-MLT approach, and the system provided an opportunity for farmers to identify lines adapted to and preferred for their specific needs. Two promising lines that were widely preferred and high-yielding are currently in the process of being released (VTE450-2 and TDK13 (TDK10049)) by the government. Furthermore, PVS was an effective method for the seed distribution of advanced rice lines, with high farmer adoption and high transfer between neighbours and villagers. Overall, the results of this on-farm PVS-MLT approach, combined with baby and advanced variety trials, have provided efficient delivery of highly acceptable lines to farmers, which directly contributes to improved efficiency of the rice-breeding program.
